OBJECTIVE -Proteinuric diabetic patients with reduced glomerular filtration rate (GFR) are at high risk of renal and cardiovascular disease progression and treatment-related adverse events. This post hoc analysis assessed the efficacy and safety of aliskiren added to the maximal recommended dose of losartan according to baseline estimated GFR (eGFR) (stage 1-3 chronic kidney disease [CKD]).
R
enin inhibition is a new treatment modality that blocks the reninangiotensin-aldosterone system (RAAS) at the first rate-limiting step of the cascade. Because the direct renin inhibitor aliskiren recently was approved for the treatment of hypertension, it seemed a reasonable assumption that this drug would also possess antiproteinuric qualities. In theory, renin inhibition will decrease plasma renin activity and levels of circulating angiotensin I and angiotensin II, leading to more efficient RAAS blockade. A previous study from our group has suggested a higher degree of RAAS blockade by the use of the combination of aliskiren and the angiotensin II receptor blocker irbesartan (1) . Whereas this hypothesis was formerly proven only in small studies (1, 2) , the Aliskiren in the Evaluation of Proteinuria in Diabetes (AVOID) study (3) was the first doubleblind, randomized controlled trial to demonstrate the antiproteinuric ability of aliskiren (300 mg once daily) as an add-on to standard treatment, including the recommended dose of an angiotensin II receptor blocker (losartan), in patients with type 2 diabetes, hypertension, and nephropathy.
There is an evident unmet need for improved renoprotective therapies because this patient group constitutes the majority of patients requiring dialysis in the western world (4) . Reduction in proteinuria from RAAS blockade has been shown to be associated with improved renal and cardiovascular prognosis (5, 6) , and although its use remains controversial, albuminuria is the best available surrogate marker for renal protection. Combination treatment with renin inhibition and angiotensin II receptor blockade is evolving as a new antiproteinuric treatment, but not much is known about the impact of underlying renal function on the safety and efficacy of this treatment. The aim of this post hoc analysis was to investigate the efficacy and safety of add-on treatment with aliskiren in the AVOID study across different stages of estimated glomerular filtration rate (eGFR) at baseline.
RESEARCH DESIGN AND METHODS -
The trial enrolled hypertensive patients, ranging in age from 18 to 85 years, with type 2 diabetes and nephropathy (early morning urinary albumin-to-creatinine ratio [UACR]) Ͼ300 mg/g or Ͼ200 mg/g in patients receiving blockade of the RAAS). The criteria for exclusion were known nondiabetic kid-
ney disease, UACR Ͼ3,500 mg/g, eGFR Ͻ30 ml/min per 1.73 m 2 (7), chronic urinary tract infection, serum potassium Ͼ5.1 mmol/l at time of randomization, severe hypertension, or major cardiovascular disease within the last 6 months.
In a randomized, double-blind, placebo-controlled study conducted in 15 countries and 150 centers worldwide, we evaluated the possible renoprotective effect of aliskiren in 599 hypertensive patients with type 2 diabetes and nephropathy. The methods have been described in detail in the main publication (3) . In brief, we screened 1,892 eligible patients at an enrollment visit. Subsequently 805 patients entered a 3-month open-label period during which all previous drugs that block the RAAS were discontinued, except for ␤-blockers, and treatment was initiated with the maximal recommended renoprotective dose of losartan (100 mg daily) plus additional antihypertensive therapy aiming for an optimal target blood pressure, i.e., Ͻ130/80 mmHg. During the 3-month open-label treatment period, 206 patients were excluded, leaving 599 randomly assigned patients who were followed for a median of 6 months. Patients were randomly assigned to receive aliskiren at a dose of 150 mg once daily for 3 months, followed by aliskiren at 300 mg daily for another 3-month period or matching placebo once daily. The study protocol was in accordance with the Declaration of Helsinki (2002) and was approved by local and central review boards. All patients provided written informed consent.
The patients were examined 13, 12, 8, 4, and 2 weeks before randomization, at randomization, and 1, 4, 8, 11, 12, 16 , and 24 weeks after randomization. Blood pressure and pulse, adverse events, concomitant medications, and adherence to medications were assessed at each visit. Three early morning spot urine samples were collected on three sequential days at 13 and 2 weeks before randomization and at 4, 8, 12, 16 , and 24 weeks after randomization. Three overnight urine collections were performed on three sequential nights 2 weeks before randomization (baseline) and 12 and 24 weeks after randomization. The urinary albumin conc e n t r a t i o n w a s d e t e r m i n e d b y immunoturbidimetry (8) and the serum creatinine concentration by Jaffe reaction (Roche kit) (9) . The Modification of Diet in Renal Disease (MDRD) formula was used to estimate the glomerular filtration rate (GFR) (7). A1C was measured by BioRad high-performance liquid chromatography (10) . All of the remaining laboratory variables were also measured centrally by applying conventional laboratory techniques.
Seated blood pressure was assessed by standard mercury sphygmomanometers with an appropriate cuff size after at least 5 min of rest. Three measurements were obtained, 2 min apart at each time point, and the average of the three was used for calculation of the 24-h trough level (24 h postdose). The target blood pressure during the open-label and double-blind period was less than 130/80 mmHg for both groups. Consequently, further adjustments in blood pressurelowering medication were recommended after randomization. All classes of blood pressure-lowering drugs were allowed, except for drugs blocking the RAAS.
In this post hoc analysis, we compared the effect of aliskiren versus placebo across the patients according to baseline stage 1-3 of chronic kidney disease (CKD). In these albuminuric type 2 diabetic patients, the stage 1 group is defined as having eGFR Ն90 ml/min per 1.73 m 2 , the stage 2 CKD group contains patients with eGFR Ն60 -Ͼ90 ml/min per 1.73 m 2 , and the stage 3 CKD group is defined as having eGFR Ͻ60 ml/min per 1.73 m 2 . The primary end point comparing the efficacy of aliskiren treatment versus placebo was the reduction in UACR, based on the early morning urine samples, from randomization to week 24, compared across the eGFR subgroups. Secondary efficacy end points were between-treatment comparisons of urinary albumin excretion rate reduction, based on overnight samples, change in eGFR from baseline, and comparison of the proportion of patients with Ն50% reduction in UACR from randomization to week 24. For evaluation of safety across eGFR subgroups, we compared occurrences of hyperkalemia (single measures of serum potassium Ͼ5.5 and Ͼ6.0 mmol/l) and investigator-reported incidences of hypotension. In addition, development of renal dysfunction (prespecified as serum creatinine Ͼ176.8 mol/l [2.0 mg/dl]) was investigated.
Statistics
The following subgroups were defined based on baseline renal function: moderate to severe renal dysfunction, eGFR Ͻ60 ml/min per 1.73 m 2 (stage 3 CKD), mild renal dysfunction, eGFR Ն60 -Ͻ90 ml/min per 1.73 m 2 (stage 2 CKD), and no renal dysfunction, eGFR Ն90 ml/min per 1.73 m 2 (stage 1 CKD). Log-transformed eGFR at week 24 was analyzed using ANCOVA. Subgroup, treatment, subgroup by treatment interaction, region, and baseline proteinuria classification were fitted as factors. Logtransformed baseline eGFR was fitted as a covariate.
For between-treatment comparison of rate of change in eGFR (milliliters per minute per 1.73 m 2 ) by eGFR subgroup with adjustment for covariates, an ANCOVA model was fitted to the rate of change in eGFR, with baseline UACR, baseline systolic blood pressure, baseline A1C, baseline total cholesterol, and baseline hemoglobin as covariates, with treatment, region, age, sex, and eGFR subgroup as factors and eGFR subgroup by treatment as an interaction term.
For analyses of associations, a linear regression model was fitted to change from baseline in eGFR with change from baseline in log-transformed UACR as an explanatory variable, treatment as a factor, and treatment by change from baseline in log-transformed UACR as an interaction term. The change from baseline in eGFR was also analyzed using linear regression with change from baseline in systolic blood pressure in the model and treatment by change from baseline in systolic blood pressure as the interaction term.
RESULTS -Patient characteristics in the three eGFR groups at baseline can be seen in Table 1 . The two treatment groups were similar in all eGFR subgroups, except for a difference in age and in baseline A1C in the CKD stage 3 group. However, this imbalance did not have an impact in the subsequent statistical analysis. We found a consistent UACR reduction in the aliskiren treatment groups, with a 19% (95% CI 34 -0) reduction in the stage 3 CKD group (P ϭ 0.045), a 22% (34 -4) reduction in the stage 2 CKD group (P ϭ 0.021), and an 18% (39 to Ϫ11) reduction compared with placebo (P ϭ 0.202) in the stage 1 CKD group (Fig. 1) . The proportions of patients achieving Ն50% reduction in UACR were consistently higher in the aliskiren-treated patients, reaching 29.0, 27.7, and 20.5% in stages 1, 2, and 3, respectively, compared with 16.0, 14.4, and 9.6% in the corresponding placebo groups (betweentreatment differences P ϭ 0.132, P ϭ 0.012, and P ϭ 0.019, respectively) ( Table 2 ).
The changes in eGFR over the 6-month duration of the study can be seen in Table 2 . Notably, there were no statistically significant differences between treatments in changes in eGFR, but in the stage 1 group the change in eGFR in the aliskiren group was Ϫ5.6 (Ϫ11.8 to 0.66) ml/min per 6 months, numerically lower than that in the placebo group, changing Ϫ9.5 (Ϫ16.5 to Ϫ2.5) ml/min per 6 months. Adjustment of the changes in eGFR for clinical covariates in the ANCOVA model did not significantly alter the results. Overall, a reduction in systolic blood pressure was associated with a change in eGFR in both treatment groups, and (although not significant) the tendency remained in the eGFR subgroups, except in the placebo group in the eGFR Ͼ90 ml/min per 1.73 m 2 subgroup (data not shown).
Adverse event rates were highest in the stage 3 CKD group (68.1-72.9%) and lowest in the stage 1 CKD group (59.4 -60.8%); there were no notable differences between treatments in any subgroup (Table 3). In the stage 3 CKD group, hyperkalemia, based on a single measurement of serum potassium Ͼ5.5 mmol/l, was more frequent in the aliskiren-treated patients (22.5%) compared with that in the placebo group (13.6%), although this value was not statistically significant (P ϭ 0.07). There were no differences between the other treatment groups (Table 3) . Severe hyperkalemia (serum potassium Ͼ6.0 mmol/l) in the stage 3 group was registered in 11 aliskiren-treated patients (8.5%) compared with 4 placebo-treated patients (3.4%) (P ϭ 0.113). However, 9 of the 11 aliskiren-treated patients displayed serum potassium levels Ͼ5.1 mmol/l at baseline and should have been excluded from randomization according to the study protocol. Four of these patients left the study shortly after randomization.
Symptoms of hypotension (investigator defined) were not a frequent adverse event, with no differences between treatments in any eGFR subgroup (Table 3 ).
In the stage 3 CKD group there was a significant difference in development of renal dysfunction (prespecified as development of serum creatinine Ͼ176.8 mol/l after randomization) during the course of the study (excluding patients who already had serum creatinine Ͼ176.8 mol/l at the time of randomization). In the placebo-treated group, 29.2% developed renal dysfunction compared with 13.6% in the aliskiren group (P ϭ 0.032) ( Table 3) .
CONCLUSIONS -In this post hoc analysis of the results of the AVOID study, we demonstrate that the reduction in UACR from add-on aliskiren treatment was independent of baseline renal function, and, thus, aliskiren can be of added benefit to standard treatment (including the optimal dose of the angiotensin receptor blocker losartan) in patients with stage 1-3 CKD. In addition, the proportion of aliskiren-treated patients achieving a 50% reduction in UACR was similar in all three stages, approximately twice the proportion of placebo-treated patients. There were no significant differences in systolic or diastolic blood pressure change from baseline in any eGFR subgroup, but overall the reduction in systolic blood pressure was associated with a reduction in eGFR in both aliskiren-and placebotreated groups.
From a safety point of view, we found that hyperkalemia, based on a single measurement of serum potassium, was more common in aliskirentreated patients with stage 3 CKD. This result represents a side effect to this therapy that must be considered, given the above-noted benefit. It is possible that more frequent serum potassium control and concomitant use of loop diuretics in these patients would ameliorate this. We were not able to investigate in detail the influence of other concomitant medications on the levels of potassium, but the use of potassium-sparing diuretics and ACE inhibitors was not allowed in the study. Severe hyperkalemia, defined as a single serum potassium result Ͼ6.0 mmol/l, was also more common in stage 3 CKD; however, 9 of the 11 aliskiren-treated patients in stage 3 CKD with severe hyperkalemia were randomly assigned despite violating the exclusion limit of serum potassium Ͼ5.1 mmol/l stated in the study protocol. Importantly, however, we also found that aliskiren-treated patients with stage 3 CKD had a lower incidence of development of renal dysfunction, underlining the improved renal prognosis in these patients, provided that other safety measures are taken into consideration. Of note, in the overall study population there was a low incidence of death or acute re- nal failure, with no significant difference between the groups (0.7% in both groups). Despite the differences in overall rates of renal dysfunction (new development of serum creatinine Ͼ176.8 mol/l/2.0 mg/dl), ⌬eGFR in the two treatment groups in patients with stage 3 CKD did not differ significantly. When ⌬GFR is small, with a substantial portion of patients having no detectable eGFR decline, a time-to-event analysis has greater statistical power to detect a treatment effect than a slope-based effect (11) . The Ramipril in Non-Diabetic Renal Failure (REIN) and MDRD studies support the validity of this analysis in nondiabetic nephropathies (12, 13) .
The efficacy and safety of aliskiren treatment has been assessed in a few studies. In a short-term double-blind crossover study (1) , we investigated aliskiren treatment compared with and in combination with irbesartan in patients with type 2 diabetes and albuminuria, with baseline levels of GFR as low as 40 ml/min per 1.73 m 2 . We found no sign of reduced efficacy or safety of the drug in patients with impaired renal function. In a pharmacokinetic study of 17 men with mild, moderate, or severe renal impairment (creatinine clearance 50 -80, 30 -49, and Ͻ30 ml/min, respectively) and matched control subjects, aliskiren was found to be well tolerated when administered alone or with irbesartan (14) .
A study of healthy people consuming a low-sodium diet has shown that renal vasodilation with aliskiren far exceeds that seen with ACE inhibitors and angiotensin II receptor blockers (15) . The increase in renal plasma flow may be a response to AT 1 receptor-dependent reduction of the vascular tone in the efferent arteriole. These results indicate that aliskiren may provide greater and thus more effective blockade of the renin system in the kidney. Because the activity of the renin-angiotensin system is enhanced in patients with diabetes, compared with that in control subjects (16) , a more pronounced difference in renal vasodilatation may be expected during aliskiren therapy. Studies in patients with uncomplicated type 1 diabetes consuming a normal salt diet have demonstrated that aliskiren enhances renal plasma flow and GFR, independent of glycemic control (17) . Both studies (15, 17) found a reduction in filtration fraction and a GFR dependency of renal plasma flow, supporting the presence of a filtration pressure equilibrium in humans (i.e., filtration stops along the glomerular capillaries as oncotic pressure equals hydrostatic pressure). It is suggested that with an increase in renal plasma flow there is a shift to the right of this equilibrium, leading to a greater surface area available for filtration, as filtration stops at a later point. The concomitant decrease in intraglomerular pressure will lead to a reduction in albuminuria.
The change in eGFR from baseline to 6 months was more pronounced in patients with well-preserved kidney function (stage 1 and 2 CKD) compared with reduced eGFR (stage 3 CKD). Hyperfiltration and regression to the mean may contribute to these findings. Observational studies (18) and treatment trials applying completely different interventions have resulted in similar findings in proteinuric type 2 diabetic patients (D. de Zeeuw, personal communication).
When the results of our analysis are interpreted, the post hoc nature of the analysis must be taken into consideration. Statistical comparisons were made without adjustment for multiple testing, but all analyses were prespecified and results were consistent between groups. It must be remembered that the reported changes in eGFR were recorded over only 6 months. Optimally, studies of at least 2 years duration are needed to properly assess changes in eGFR in relation to outcome. This will be possible, along with assessment of the effect of renin inhibition on cardiorenal hard end points, in the ongoing Aliskiren Trial in Type 2 Diabetes Using Cardio-Renal Endpoints (ALTI-TUDE) study (19) . In addition, we were not able to assess the effect of treatment in patients with stage 4 and 5 CKD, as such patients were not included in the AVOID study owing to safety concerns.
In summary, aliskiren as add-on treatment to standard therapy including the optimal dose of the angiotensin II receptor blocker losartan, in the AVOID study, reduced albuminuria and slowed development of renal dysfunction more than placebo across different levels of eGFR in patients with type 2 diabetes, hypertension, and nephropathy. Hyperkalemia is more frequent in the aliskirentreated patients with stage 3 CKD.
